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University of Pennsylvania
Philadelphia, PA 19104 USA

Im‘m:geudniqmmmdto substitute trivalent cations for the
sodium ions pnunt#n mm"agm single crystals. Complete

ns‘ld\icvd wing Gd

replacenent
¢« N&77, and Bu”" jons in rolten salts. ,The conductivity of
materials

Ga beta® alumina was measured and optical properties of N4
were studied. The trivalent beta” aluminas appear to be the first solid electro-
lytes to exhibit rapid trivalent cation motion at moderate temperatures.

1. Introduction

In cur previous ion exchange studies we
found that the entire sodium ion oontent of
beta” alumina oould be replaced by varioms
divalent cations [1]. These studies indicate
that the range of divalent beta” alumina campo~

sitions is quite broad and that the resulting -

corpounds are a new family of high conductivity
201id electrolytes for divalent cations. Furth~
ermore, these divalent mterials deronstrate
that the phenomenon of fast jon transport in
solids is rot restricted to sslected monovalemtc
ions. Our recent experiments extend this cbser-
vation. We have found that the beta" aluminas
are capable of supporting trivalemt cation
motion. Several different trivalent cations
have been exchanged for sodium in beta" alumina
amd in three cases we have synthesized ocom-
Pletely exchanged (or nearly so) trivalent beta"

alumina compositions. The preparation of these:

materials and preliminary measurements of their
propsrties are reported in this paper.

2. Preparation of Trivalent Beta" Aluminas

The trivalent beta” alumina compositions
mﬂmﬂmmaﬂmofﬁmlqm.
stals of Na' beta” alumina. Specific experimen~
tal prooedures were similar to those described
for the divalent beta” aluminas [1]. Careful
Atmosphere control was required in order to
mm&mﬂnfmmaluaﬂtom
z8 formation o refractory oxyhalide com-
Pounds Aring melting. The conditions used for
:1’1":-:& kllo:nd-nqommizdmhbh
. axtent exchange was determined hy
radiochemical and/or weight change methods. In
the latter case the weight increase was con-
sistent with the exchange reaction

0.848a,0 ~ 0.6™g0 - 5.2A1,0, + 0.56 -

0.28R,0, ~ 0.6MMg0-5.2A1,0, + 1.68 Na*
Bt = na?t et Bt ete.

Results show that substantial
occurred ﬁ“ulda:thtjr.nimi.mmto::mt

lmgu:hnmect 5%) was for
Gy, o The greater melting points
of the trivalent halide salts required higher
synthesis temperatures than were used for the
divalent materials. Nevertheless, amsidanble
ion exchange was cbeerved in the 0N~ C
when lower melting salts were available (GdCls)
or when eutectic melt campositions (PrCl: -
NaCl, N4C1l, - NaCl) were awployed. In addi .
the large imount of exchange with BiCl, at 270 C
is a strong indication of rapid trivdlent ion
diffusion in the beta"” aluminas. In contrast to
the results in Table 1, single crystals of
sodium beta alumina immersed in the PrCl, - NaCl
melt for 54 hours produwced O m!ﬂmr&le
exchange. The very different response of beta
and beta” alumina to multivalent ion transport
was discussed previously. 11

The trivalent exchanged crystals were
found to be in good condition with no evidence
of crack.i.ng.ym crystals remained transparent
although N4 exchanged samples exhibited a
slight blue tint. X-ray diffraction analysis
confirmed that the betas’almdm structure was
retained, however, the b material appeared to
possess some subtle structural modification.
The exact mature of this change was ot identi-
fied.
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Table 1
Trivalent Ion Exchange Conditions

ion Melt Composition Temp (%)

3+
cd cacL
nalt NaBr3
M3t 45 nac1 /5% MaC1
Bu Bl
3+ 3
o w13
'mg: mal
3+ ;
Bi BiCl

3. Electrical and Optical Properties

The conductivity for Ga°* beta® alumina
vas measured by ac impedance techniques. Ini-

ions locked
in bonds to column oxygen. (3] At higher tem-
peratures, 'owever, the trivalent ions are quite
mbile. . The _, conductivity at ann°c
(~ 8x107° dm = am *) concurs with the diffusion
rate extrapolated form the ion exchanged treat-
marts and actually camparable to the conduc-
tivity of 0°” in oalcia stabilized zirconia.

The measured conductivity values are suf-
ticimux low that they may be influanced hy
trace Ma' in the conduction plave. These possi-
ble ocontritations are not yet identified and
require complementary transport messuremants anat
accurate determination of residuml Na® content.
ess, the low temparature exchange of
and the ability to achieve camplete
replacemant within the temperature and time
of exchange provides corraborative evi-
of fast trivalent cation motion. At this
, the trivalent bsta® aluminas appear to be
first crystalline compounds to exhibit high
conductivity for trivalent cations.

B

}
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The rare earth ions exchanged into sodium
beta” alumina are optically active and prelim-
inary experiments indicate that all of these
trivalent campositions fluoresce. This behavior
suggests that the exchange of rare earth ions
may be used as a very ssnsitive optical probe to
determine local structure and ion distributions
in the oconduction plane. mmsp,gnr
initial optical measurements on N4
alumina are presented. A more thorough spec-
t.mnudyo&thh material will be pub-
lished elsevhers.

. SCame
beta”
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The fluorescence spectra of Nd>* exchanged
bosg" alumina are generally similar to that of
Nd mYﬁ‘O (YAG). The latter material is
one of &t common and successful solid
state laser hosts. The optical transitions amd
linewidths are virtually the same for both com-
positions, the cnly difference being that the
spectra in beta" alumina are shifted to shorter
wavelengths by approximately 10 nm. This shift
arises from the different local structures of
the two host materials.

The i.lity to rapidly and completely
exchange N3~ into beta” alumina has enabled us
x: investigate the nmapfm of the

state as a function of N@° concentration.
ﬂZ?mmuufum'umm. YAG
and N4 MgAl,.O (LNA) host materials.
LA, :IMu cohBod with the magnetoplum—
bite structure, is a candidate material for high
power laser applications. [5] The values shown

Tiosiatesd
100 00 2300 -38 -90 -76 -t00

S - . melte)
+ ette
* 1etse)

1 1.4 & 88 3 38 4 a8 5 88 @
1000/7

28 for 8¢ °10.800V
S8 tor 05 10.00eV

Fig. 1 o::du:t.ivi.tyz ‘of ronovalent (th;l.
divalent (Ba“") and trivalent (GA” )

beta” alumina single crystals
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' Table 2
i Fluorescence Lifetime for Nd” in Various Host Materials
) 3+ -3 Fluorescence
‘ Host Material N4~ Concentration (cm ) Lifetime (us) Ref.
) ton fom ) hliet.me lus)
, Beta” Alumina 19
5 4.0 x 10 395 This Work
. 8.5 x 1027 350 This Work
. 1.5 x 1021 350 This Work
L 3“15012 20
: . ca. 1.4 x10 240 This Work
La) M MaAL, 1009
3 x 10%° 360 5
3.4 x 10%° 260 5
21 :
1.1 x 10 52 S
in Table 2 indicate that the fluworescent 1life- Acknowl edgaments
times are quite long the beta”™ alumina host,
even at very concentrations. This The authors are grateful for the msupport - J
suggests that NA°" in the beta® alumina conduc- of this work by the Office of Naval Research
tion plane is less susceptible to the self- (Contract. No. NMN014-81-K-N526) and, at the : L |
quenching effects which cause serious reduction University of Pemnsylvania, for additional -]
in lifetime and quantum efficiency at concentra- assistance from the National Science Foundation ]
tions above 18 in YAG hosts. Additional optical (MRL Program No. DMR-7923647). We also appreci- -
studies are in progress. ate the experimental assistance of V. Tellkarp, ’ i
D.L. Yang, B. Ghosal, S. Sattar and Professor .
4. Conclusions 0O.M. Stafsudd, Jr. and M. Topp. ’ J
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